Abstract Grain filling is an important agronomic trait, which directly affects the final yield of rice. Partially filled and empty rice grains are among the factors that limit the yield of MR219, one of the highest yielding rice varieties in Malaysia. In this study, the NSF 20 K rice oligonucleotide array, which contains 20,000 70-mer oligonucleotide probes, was used for direct comparison of the transcriptomes of MR219 and MR84 (a rice variety that has higher percentage of filled grains compared to MR219), during rapid grain-filling period at 5 and 10 days after fertilization (DAF). A total of 155 and 233 genes were differentially expressed in MR219 compared to MR84 at 5 and 10 DAF, respectively; and 9 of these expression ratios were tested using quantitative real-time RT PCR. Among the differentially expressed genes identified were those encoding hexokinase, various sugar transporters, GSDL-like lipase/ acylhydrolase, brassinosteroid-insensitive 1-associated receptor kinase 1 precursor and homeobox protein GLAB-RA2, which were analyzed by real-time RT PCR in this study. The differences demonstrated by these genes in their transcript levels and profiles, between the two rice varieties understudied at different stages of grain filling may contribute to the formulation of hypotheses toward the understanding of poor percentage of filled grains in MR219.
Introduction
Rice accounts for 50-80% of the daily calorie intake of nearly half of the world's population. Grain filling, which determines the yield of rice, is the stage in which fertilized ovaries develop into caryopses. The grain filling of rice is affected by the supply of carbohydrates from the source organs, translocation capacity and sink strength including the sink size and activities (Ishimaru et al. 2005 ). The grain number or endosperm cell number defines the sink size, whereas the activities of starch-synthesizing enzymes in the grains determine the sink activities (Ho 1988) . Apart from genotypes, these parameters can be altered by environmental changes, such as water, climate/photoperiod and also soil condition, thus indirectly influencing the grainfilling process in rice.
The genes that participate in grain filling include those involved in carbohydrate metabolism, amino acid metabolism, fatty acid metabolism, transportation and protein storage (Zhu et al. 2003) . The carbohydrates transported to the sink organs originate from two sources: the assimilates that are redistributed from the reserve pools in the vegetative tissues (stems and culms) either pre-or post-anthesis, and the current assimilates that are supplied by the leaf photosynthesis and transferred directly to the grains. Their proportion was estimated as 3:7 in rice plants (Cock and Yoshida 1972) . The shortage of assimilate supply, due to the inhibition of photosynthesis caused by shading, water deficit and other environmental factors during the grainfilling period, reduces the dry matter accumulation in rice grains (Murchie et al. 2002) . The translocation of assimilates also plays an important role in determining the final grain yield (Zhu et al. 2003; Murchie et al. 2002; Liang et al. 2001) .
The Malaysian rice subspecies indica variety MR84 was once the most widely accepted in Malaysia, attributed to its high yield potential (4-6.2 tons/ha), stability and wide adaptability to environmental changes. However, it has been replaced by another high-yielding variety MR219 (more than 10 tons/ha) in the last decade. MR219 has several outstanding characteristics when compared with MR84: it has a shorter maturation period of 105 days compared to 115 days in MR84; a higher number of panicles per plant that ranges from 14 to 18 with an average of 150 spikelets per panicle, compared to 13-17 panicles per plant in MR84 with an average of 130 spikelets per panicle; a bigger grain size on average and a higher resistance to bacterial leaf blight. However, MR219 has a lower percentage of filled grains (73%) compared to MR84 (85%), which limits its yield potential (Abdullah Md. Zain unpublished data). Poor grain filling (slow grain-filling rate and many unfilled grains) is also a limiting factor to the New Plant Type of the International Research Institute (Peng et al. 1999) , hybrid rice and super rice or superhybrid rice in China (Cheng et al. 2007; Peng et al. 2008) . The percentage and rate of grain filling in rice panicles depend on the positions of spikelets on a panicle whereby the superior spikelets exhibit high grain-filling rate and produce larger and heavier grains compared to the inferior spikelets that fill slowly and produce partially filled or unfilled grains. Failure in ovule fertilization has not been reported in MR219, thus is unlikely the reason that causes partial filled grains in MR219.
MR219 was developed by the Malaysian Agricultural Research and Development Institute (MARDI) from a cross between MR137 and MR151, while MR84 was developed by crossing CR261-7039-236 and Y238 or (Radin GOI/IR82)/Tetap. MR84 has been used for the development of MR151 (a cross between MR84 and MR84/IR64), while IR64 has been used for the breeding of both MR151 and MR137 (a cross between IR64 and Y607 or (Pandan Gelap/Mahsuri)/Y238, whereby Y238 resulted from a cross between IR64/Y607 and Y607) (http:// agromedia.mardi.gov.my/magritech/). Since both MR219 and MR84 are highly similar in their genetic backgrounds, a direct comparison between MR84 and MR219 using cDNA microarray, instead of a comparison between varieties with totally different genetic backgrounds, could reduce the interference of genes unrelated to effective grain filling. In this study, we performed a direct comparison of the transcriptomes of MR84 and MR219 during the rapid grain-filling period by hybridizing their cDNA samples on the same slides. Since the rapid accumulation of starch begins at 4 and 9 days after fertilization (DAF) in superior and interior caryopses, respectively, the differentially expressed genes (DEGs) obtained at 5 and 10 DAF between these two varieties may reveal genes that contribute to a higher percentage of filled grains in MR84. The same approach has been employed by Wei et al. (2009) to analyze the transcriptome of the superhybrid rice LYP9 and its parents. Analyses of gene expression using quantitative real-time RT PCR were also performed on selected genes to provide more information on their expression patterns in these two varieties.
Materials and methods

Plant materials
Rice (Oryza sativa L. subspecies indica) varieties MR84 and MR219 were grown in a glasshouse. Rice panicles were collected from four biological replicates (whereby each replicate consisted of numerous individual rice plants) at heading, 5, 10, 15 and 21 DAF, respectively, frozen in liquid nitrogen and kept at -80°C.
Preparation of total RNA and fluorescent probes
Total RNA was isolated from the rice panicles at 5 and 10 DAF of each rice variety, respectively, using the method described by Gao et al. (2001) . A total of 3 lg total RNA was used for in vitro transcription using MessageAmp TM aRNA Kit (Ambion, USA) according to the manufacturer's instructions. The amplified RNA (aRNA) obtained was dried with SpeedVac TM concentrator (Eppendorf, Germany), resuspended in 5 ml 0.1 M sodium bicarbonate, pH 9, and incubated at room temperature for 20 min. (Yang and Speed 2002) consisting of eight hybridizations with four biological replicates was used to compare the gene expression between MR84 and MR219 at 5 and 10 DAF. Background correction was performed to subtract the background intensity (noise) from the foreground intensity for each spot. In this study, we used an intensity-dependent normalization (in which the normalizing factor is a function of intensity level) for cDNA microarray data. The invariant genes used in this normalization consisted of all the genes on the array, with the assumption that only a small percentage of the 20,000 genes on the NSF 20 K rice oligonucleotide array were differentially expressed, and the normalization method employed was robust to small perturbations (Amaratunga and Cabrera 2004) . Within-print-tip-group loess normalization and between-array normalization in the Linear Model for Miroarray Data (LIMMA, http://www.r-project.org) package were also performed. Within-print-tip-group normalization is a location normalization, which accounts for spatial dependent bias within an array, while between-array normalization adjusts for differences in scales between multiple arrays to improve across array normalization (Yang and Paquet 2005) . The data were fitted into a linear model. Empirical Bayes moderated t test (Smyth 2004 ) was used to identify the DEGs. The p values were adjusted according to Benjamin and Hochberg (1995) . The genes with p value B0.01 and log 2 fold change C|1| were considered as being differentially expressed. The gene ontology (GO) Slim IDs of the DEGs were retrieved from the Rice Genome Annotation Project (rice.plantbiology.msu.edu). The enrichment of GO Slim terms in each of the GO categories was evaluated as described in Jung et al. (2009) . The probability (p value) of random occurrence of enrichment for each GO Slim term was evaluated using the hypergeometric distribution, whereby the GO terms with a p value identical or \0.05 were considered as significant.
Annotation of cDNA sequences and primer design
The cDNA sequences that matched to the oligonucleotide probes selected for quantitative real-time RT PCR analysis were retrieved using Biomart at Gramene (http://www. gramene.org/), and compared with the non-redundant peptide database at the National Centre for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov) using Basic Local Alignment Search Tool (BLAST) version 2.2.17 (Altschul et al. 1997) . Matches with E values B 10 -5 were considered as significant whereas matches with E values [ 10 -5 were considered as non-significant. Specific primers for selected cDNAs were designed using Primer 3 ver.4 software (frodo.wi.mit.edu). The primer sequences are shown in Table 1 . These cDNA candidates were chosen due to their potential roles in transcription, phytohormone perception, sugar signaling, transport or metabolisms that could be related to grain filling and grain development.
Quantitative real-time RT PCR
The relative gene expression levels of selected genes were measured by quantitative real-time RT PCR performed in the iQ TM 5 optical system (Bio-Rad, USA) using the Brilliant Ò SYBR Green QPCR Master Mix (Stratagene, USA). An equal amount of total RNA (1 lg each) from MR219 and MR84 at heading, 5, 10, 15 and 21 DAF, respectively; were used for the first strand cDNA synthesis using StrataScripts Ò QPCR cDNA Synthesis Kit (Statagene, USA). The PCR reactions were performed in triplicates using three reference genes encoding17S rRNA, eukaryotic elongation factor 1a and ubiquitin 5 as suggested by Jain et al. (2006) . The results were analyzed using GeNORM software (Vandesompele et al. 2002) . The relative abundance of transcripts was estimated as the relative fold change of transcripts in a sample compared to those in the sample with the least number of transcripts for each gene, after normalization to the endogenous controls. The standard deviations were calculated from three technical replicates.
Results and discussion
DEGs between MR219 and MR84 at 5 and 10 DAF The direct comparison of the transcript profiles of MR219 and MR84 at 5 DAF revealed that 83 and 72 genes were significantly up-and down-regulated [i.e., genes with p values adjusted according to Benjamin and Hochberg (1995) B0.01 and log 2 fold change C|1|] in MR219 compared to MR84, respectively. On the other hand, a total of 123 and 110 genes were up-and down-regulated, respectively, in MR219 compared to MR84 at 10 DAF. The number of DEGs between the two rice varieties at 10 DAF was approximately 1.5 times the number of DEGs at 5 DAF. Among these genes, 63 of them were differentially expressed at both time points including genes encoding GDSL-like lipase, Myb-like DNA-binding domain-containing protein, DNA binding proteins, zinc finger proteins, dehydrin family protein, heat shock factor protein 1, beta expansin 1a and pectinesterase inhibitor domain-containing protein. Meanwhile, the genes that were down-regulated in MR219 compared to MR84 at both 5 and 10 DAF included genes encoding alcohol dehydrogenase 2, F-box domain-containing proteins, homeobox protein GLABRA2, axial regulator YABBY1 and nucellin. Many of these genes were related to cell division and morphogenesis such as genes encoding nucellin, beta expansin 1a and pectinesterase inhibitor domain-containing protein.
The distribution of DEGs associated with Gene Ontology categories, i.e., biological process, molecular function and cellular component is shown in Fig. 1 . In summary, the percentage of down-regulated and up-regulated genes in MR219 compared to MR84 are different at 5 and 10 DAF for all categories, except for a few groups that have almost equal frequency at both time points. The percentage of down-regulated DEGs associated with transcription was almost three times higher at 5 DAF compared with that at 10 DAF, whereas the percentage of down-regulated DEGs involved in protein modification at 5 DAF was only about half of that at 10 DAF (Fig. 1a ). There were also a few groups of down-regulated DEGs that were present at 5 or 10 DAF only such as DEGs associated with carbohydrate metabolic process, and nucleobase, nucleoside, nucleotide and nucleic acid metabolic process (found at 5 DAF only), transport, lipid metabolic process, and response to abiotic and biotic stimulus (found at 10 DAF only). There are a few groups of up-regulated DEGs that have higher frequencies at 5 DAF compared to those at 10 DAF such as DEGs associated with transport, responses to other stresses, etc. (Fig. 1b) . In contrast to the percentage of downregulated DEGs associated with transcription, the percentage of up-regulated DEGs associated with transcription is higher at 10 DAF compared to 5 DAF. The representation of these DEGs in other GO categories, i.e., molecular function and cellular component correlate well with their distributions in biological process. The details of the DEGs are listed in Supplementary Table 1 . Overall, these DEGs are enriched mostly in a few categories: responses to endogenous stimulus, transcription, secondary metabolic process, lipid metabolic process, nucleus, transcription factor activity, DNA and RNA binding, carbohydrate binding and transcription regulator activity ( Table 2) . The DEGs at 5 DAF are enriched in: transcription, response to abiotic stimulus, nucleus, endosome, nuclear envelope, transcription factor activity, DNA or RNA binding, whereas the DEGs at 10 DAF are enriched in response to endogenous stimuli, other cellular processes, transcription, secondary metabolic process and lipid metabolic process, nucleus, transcription factor activity and carbohydrate binding. The DEGs at 5 and 10 DAF are enriched in different categories except for three categories: transcription and transcription factor activity and nucleus that were enriched at both time points.
In total, nine gene expression ratios from the cDNA microarray (involving seven genes) were tested using quantitative real-time RT PCR, i.e., genes encoding GSDLlike lipase/acylhydrolase (TR012504), brassinosteroidinsensitive 1-associated receptor kinase 1 precursor (TR018815), homeobox protein GLABRA 2 (TR015207), hexokinase 2 (TR002430), hexose carrier protein HEX6 (TR012795), sugar carrier protein C (TR007927) and carbohydrate transporter (TR012504). These gene candidates were chosen due to their potential roles in transcription, phytohormone perception, sugar signaling, sugar transport and metabolism that could be related to grain filling and grain development. Some of these genes were differentially expressed at both 5 and 10 DAF, thus both expression ratios were verified by quantitative real-time RT PCR. The gene encoding GSDL-like lipase/acylhydrolase was shown to be up-regulated in MR219 compared to MR84 at 5 and 10 DAF (Fig. 2a) , supporting the results of cDNA microarray. Besides, the gene expression of genes encoding brassinosteroid-insensitive 1-associated receptor kinase 1 precursor (down-regulation in MR219 at 5 and 10 DAF; Fig. 2b ), homeobox protein GLABRA 2 (down-regulation in MR219 at 5 DAF; Fig. 2c ) and hexokinase 2 (downregulation at 10 DAF; Fig. 2d ) were found to be consistent with the cDNA microarray results. The gene encoding hexose carrier protein HEX6, which was down-regulated in MR219 at 10 DAF as shown by cDNA microarray was undetected in MR219 at all stages using real-time RT PCR (Fig. 2e) . The transcript levels of the other two genes (sugar carrier protein C and carbohydrate/sugar transporter) were not found to be significantly different between these two varieties at 10 DAF; however, none of the genes that were down-regulated at 10 DAF as shown by cDNA microarray were found to be significantly up-regulated at this time point by quantitative real-time RT PCR. The slight discrepancies shown by cDNA microarray and quantitative real-time RT PCR were possibly due to the differences in the detection sensitivities and normalization methods used for the two approaches. The transcript profiles of the genes chosen for quantitative real-time RT PCR validation and two additional genes encoding sugar transporter 8 (TR006722) and oligopeptide transporter (TR012389) were also investigated in detail at various grain-filling stages (Fig. 2) .
Transcript profiles of DEGs during grain filling
In panicles, sucrose is cleaved and metabolized to hexose by enzymes such as invertases and sucrose synthase (Weschke et al. 2003) . Acid invertase was reported to catalyze the cleavage of sucrose to glucose and fructose during the cell division of storage tissue preceding the starch accumulation in developing grains (Weber et al. 1995; Hirose et al. 2002; Weschke et al. 2003) , whereas, cell wall invertase was reported in the cleavage of sucrose at the sucrose unloading area to maintain a physiological gradient of sucrose between the maternal and filial tissues (Miller and Chourey 1992; Weber et al. 1995) . The hexoses generated by invertases are usually taken up by hexose transporters (Weschke et al. 2003) . In this study, we profiled the transcripts of four sugar transporters (hexose carrier protein HEX6, sugar carrier protein C, sugar carrier protein 8 and carbohydrate/sugar transporter) at various stages of grain filling. The gene encoding hexose carrier protein HEX6 was expressed in high abundance at 5 and 10 DAF in MR84, but could not be detected in MR219 at all stages using realtime RT PCR (Fig. 2e ). It will be interesting to analyze this gene at the genomic level to reveal variations that may contribute to their differences in grain-filling percentage. The abundance of transcripts encoding sugar carrier protein C or monosaccharide transporter 2 (OsMST2) decreased from the heading stage to its lowest levels at 5 and 10 DAF before it increased from 10 to 21 DAF in MR84. The gene expression profile of this gene in MR219 showed marked differences whereby the transcripts of OsMST2 decreased gradually between heading and 15 DAF (whereby transcripts were undetected by quantitative real-time RT PCR) and then increased at 21 DAF in MR219 (Fig. 2f) . OsMST2, which has the highest transport rate with glucose, was reported to be exclusively expressed in the sclerenchyma and xylem cells (Toyofuku et al. 2000) .
The transcript profile of carbohydrate transporter/sugar transporter in MR84 was similar to OsMST2. Besides, both genes also demonstrated drastic reductions in their gene expression levels between heading and 5 DAF (Fig. 2g) . In contrast, MR219, which had a much lower level of expression at heading stage compared to MR84, showed an increase in gene expression level at 5 DAF. The transcript level decreased at 10 DAF, reached its lowest level at 15 DAF and then increased again at 21 DAF in MR219. Similar to the expression profile of OsMST2, the gene expression of this gene was higher in MR219 compared to MR84 at 5 DAF.
Meanwhile, we showed that the transcript level of sugar carrier protein 8 or OsMST4 was at its highest level at 5 DAF in MR219 and decreased during the subsequent grainfilling stages with its lowest level at 15 DAF (Fig. 2h) . In MR84, the transcript level of OsMST4 was high at 5 DAF. It was at its lowest level at 10 DAF before it increased again at 15 DAF and reached its highest level at 21 DAF. The transcript levels of this gene were higher in MR219 compared to MR84 at both 5 and 10 DAF. OsMST4, which has the highest transport rates with galactose, mannose and fructose, has been reported to be expressed in both maternal and filial tissues with its highest expression in embryo (Wang et al. 2007) . It was also detected in the vascular parenchyma of the chalazal vein, cross cells, nucellar tissue and endosperm (Wang et al. 2007 ).
Interestingly, all the genes encoding sugar transporters understudied, except for the gene encoding hexose carrier protein HEX6, demonstrated a higher amount of transcripts at the heading stage in MR84 and also at 5 DAF in MR219. Although the source capacity of rice is estimated as the total amount of carbohydrates accumulated before heading (30%) and also the amount of carbohydrates derived from photosynthesis after heading (70%), Ishimaru et al. (2005) reported that the increase in source capacity through greater carbohydrate accumulation before heading could improve yield potential and the number of filled grains. It is unknown whether these two sources of carbohydrates are in different amount in MR84 and MR219, and how they have affected grain filling in the two rice varieties understudied. Similarly, the regulation of genes encoding sugar transporters by the monosaccharides derived from the catabolism of carbohydrates before and after heading is obscure. Further analyses, such as flux analyses, promoter analyses, overexpression and suppression of these genes are required to understand the association of the transcript profiles of these transporters to the percentage of filled grains in these two varieties.
Hexokinase catalyzes the conversion of hexose to hexose-6-phosphates, which fueled the plant carbohydrate metabolism (Dennis and Blakeley 2000) , including starch biosynthesis in the rice grain. Hexokinase may also serve as a sensor in sugar sensing and signaling, whereby the coordinated regulation of gene expression by sugar signals has been proposed to control the metabolic changes and resource allocation (Koch 1996) . High hexose/sucrose ratio is thought to play an important role in the mitotic division Fig. 2 The relative abundance of transcripts in MR84 and MR219 at different stages of panicle development and grain filling. a GDSLlike lipase; b brassinosteroid-insensitive 1-associated receptor kinase 1 precursor; c homeobox protein GLABRA 2; d hexokinase 2; e hexose carrier protein HEX6; f OsMST2, sugar carrier protein C; g carbohydrate/sugar transporter; h OsMST4, sugar carrier transporter 8; i oligopeptide transporter. The relative abundance of transcripts was estimated as the relative fold change of transcripts in a sample compared to those in the sample with the least number of transcripts for each gene, after normalization to the endogenous controls encoding17S rRNA, eukaryotic elongation factor 1a and ubiquitin 5, respectively, using GeNORM software (Vandesompele et al. 2002) . The black and white bars represent the relative fold change of gene expression in MR84 and MR219, respectively. The standard deviations were calculated from the results of three technical replicates of endosperm (Cheng et al. 1999) . In developing seeds, the transition from cell division to storage product accumulation coincides with the change from high hexose/sucrose ratio to low hexose/sucrose ratio (Koch 2004; Lim et al. 2006 ). Similar to most OsHXK genes, the hexokinase gene understudied was highly expressed at 5 DAF and postulated to be involved in early embryo and endosperm development during the longitudinal growth of seeds . The gene expression of hexokinase 2 understudied decreased at 10-15 DAF, but increased slightly at 21 DAF in both MR84 and MR219 (Fig. 2d) . We showed that the transcript levels of gene encoding hexokinase at heading and 5-15 DAF in MR84 were higher compared to MR219, especially at 5 DAF. This may imply lower hexose/sucrose in the caryopses of MR84 compared to MR219 at these stages, and may have resulted in a bigger hexose-6-phosphate pool for starch biosynthesis in developing grains for MR84 at 5-15 DAF. The differential gene expression of hexokinase 2 in MR84 and MR219 might also cause the changes in hexose/sucrose ratio in the inferior caryopses, thus affecting the rate and efficiency of grain filling in these two varieties.
The gene encoding OPT has a different gene expression profile in MR219 compared to that in MR84, whereby the lowest level of gene expression was recorded at heading (instead of 5 DAF as in MR84) before a gradual increase of gene expression from 5 to 21 DAF (Fig. 2i) . The amount of transcripts was also higher in MR219 compared to MR84. OPTs were reported to be involved in the mobilization of peptides derived from the degradation of storage proteins in growing and differentiating cells during germination (Higgins and Payne 1981) , and also in the transport of peptides from cotyledons to the embryonic axis during post-germinative growth (Stacey et al. 2006) . The rice OPT 9 has high identity to AtOPT7 from Arabidopsisn thaliana, which was expressed in the cotyledons prior to root radical emergence, and also in post-germinative seedlings with the strongest expression in vascular tissues of cotyledons and hypocotyls (Stacey et al. 2006) .
The gene expression level of GDSL-like lipase/acylhydrolase family protein in MR84 was lower than in MR219 at all stages except at heading and 15 DAF. The transcripts in both varieties increased gradually from heading to 10 DAF before they decreased at 15 DAF and increased again at 21 DAF (Fig. 2a) . The GDSL-like lipase/acylhydrolase family protein understudied was annotated as lanatoside 15 0 -O-acetylesterase (LAE), which is involved in the biosynthesis of cardiac glycoside. An increase of LAE enzyme activity was reported during the development of somatic embryo of Digitalis lanata (Kandzia et al. 1998) .
In addition, we have also profiled the transcript levels of genes encoding brassinosteroid-insensitive 1-associated receptor kinase 1 precursor and homeobox protein GLABRA 2. The abundance of transcript encoding brassinosteroid-insensitive 1-associated receptor kinase 1 precursor was at its highest at 5 DAF and lowest at heading in both MR84 and MR219. However, the transcript levels of this gene were found to be higher in MR84 at heading, 5 and 10 DAF (Fig. 2b) . The expression of this gene decreased gradually from 5 to 15 DAF in MR84. In MR219, the expression of this gene decreased from 5 to 10 DAF before it increased again at 15 DAF. On the other hand, the abundance of transcript encoding homeobox GLABRA 2 was higher in MR84 compared to MR219 at heading, 5 and 15 DAF. In MR219, the expression of this gene increased from heading to 15 DAF before it decreased again at 21 DAF. Although both genes belong to gene families that can function in various growth and developmental processes in rice (Yamamuro et al. 2000 , Ito et al. 2002 , their biological roles in grain filling are poorly understood.
In this present study, simultaneous hybridization of cDNA samples from MR219 and MR84 at 5 and 10 DAF, respectively, has enabled us to compare the gene expression of these two varieties at the rapid grain-filling stages directly. Among the DEGs identified were genes encoding hexokinase, various sugar transporters, GSDL-like lipase/acylhydrolase, brassinosteroid-insensitive 1-associated receptor kinase 1 precursor and homeobox protein GLABRA2, which were analyzed by real-time RT PCR in this study. The differences demonstrated by these genes in their transcript levels and profiles, between the two varieties understudied at different stages of grain filling may contribute to the difference in percentage of filled grains in MR84 and MR219.
